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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a photomask that 
form accurate resist steps in a resist by considering the 
transmittance and phase difference between a semi- 
transmitting part and a transmitting part. 
SOLUTION: The phase difference between a semi- 
transmitting part 12 and a transmitting part 11 in a 
photomask 1 is set so as to inhibit interference between 
exposure light that passes through the semi-transmitting 
part 12 and exposure light that passes through the 
transmitting part 11. When exposure is carried out using 
the resultant photomask 1, a resist 5 with a resist hole 
51 and resist steps 52 formed positively in a prescribed 
range (half region 22) is obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

Uhis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In a photo mask equipped with the transparency section which is used in order to 
expose a predetermined pattern, and penetrates exposure light, the protection-from-light 
section which intercepts exposure light substantially, and the transflective section set up so that 
permeability might become lower than the permeability of the above-mentioned transparency 
section The above-mentioned transflective section is a photo mask characterized by having set 
up the phase contrast over the transparency section so that interference generated between 
the exposure light which penetrates this transflective section, and the exposure light which 
penetrates the transparency section may be controlled. 

[Claim 2] The photo mask according to claim 1 characterized by changing the configuration of 
this transparency section based on the shift of the exposure light which penetrated the 
transparency section produced when the permeability of the above-mentioned transparency 
section and the transflective section differs. 

[Claim 3] The above-mentioned transflective section is a photo mask according to claim 1 or 2 
characterized by having the semi-transparent membrane which consists of an acid nitride of 
silicide. 

[Claim 4] It is the photo mask according to claim 3 characterized by the phase contrast of this 
transflective section being within the limits of 50-70 degrees to the above-mentioned 
transparency section when the permeability of the above-mentioned transflective section is in 
10-30% of within the limits to the permeability of the transparency section. 
[Claim 5] The two-layer structure film formation process which forms the semi-transparent 
membrane which has the permeability of a light lower than this transparence substrate on a 
transparence substrate, and forms further the light-shielding film which intercepts light on it, The 
exposure process exposed with an electron beam after forming a resist in the shape of a layer 
further on the above-mentioned light-shielding film, The two-layer structure film clearance 
process of removing a semi-transparent membrane and a light-shielding film from the field where 
the resist was removed according to the above-mentioned exposure process, The resist 
clearance process formed on the resist of the above-mentioned exposure process of removing a 
resist from the thin layer field which serves as film thickness from the original resist, The 
manufacture approach of the photo mask characterized by including the light-shielding film 
clearance process of removing a light-shielding film from the above-mentioned thin layer field 
where the resist was removed. 

[Claim 6] The exposure approach characterized by forming the level difference from which 
thickness differs in this resist by exposing the resist formed in claim 1 thru/or any 1 term of 4 in 
the shape of a layer using the photo mask of a publication. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the photo mask used for manufacture of a 
semiconductor device and its manufacture approach, and the exposure approach which uses this 
photo mask for a list and is made. 
[0002] 

[Description of the Prior Art] Conventionally, as manufacture of a semiconductor device is 
shown in drawing 2 (a) - (b), a through hole 61 and a wiring gutter are formed in the interlayer 
insulation film 6 currently formed on the lower layer wiring layer 7, and the technique embedding 
a wiring material is used. 

[0003] As shown in drawing 2 (b), the interlayer insulation film 6 in this case has the through hole 
field 23 equivalent to the through hole 61 where the interlayer insulation film 6 was thoroughly 
removed from the surrounding field (it considers as a basic partition 21 hereafter), and has the 
half field 22 where the thickness of an interlayer insulation film 6 turns in half (1/2) mostly 
further up as compared with a basic partition 21. And the level difference configuration 62 as 
shown in drawing 2 (a) by this half field 22 and basic partition 21 is constituted. As an approach 
of forming the above-mentioned level difference configuration 62 in an interlayer insulation film 
6, two kinds of approaches shown below can be mentioned with the combination of the 
conventional technique. 

[0004] A primary method is an approach of using half etching. By this approach, as shown in 
drawing 1 1 (a), exposure and development of the half field 22 (refer to drawing 2 (b)) are first 
performed from the maximum upper layer to a resist 5, an interlayer insulation film 6, and the 
wafer formed in order of the lower layer wiring layer 7 (drawing Nakaya mark). 
[0005] Next, as shown in drawing 11 (b), half etching processing is performed to the half field 22 
where the resist 5 after development was removed, an interlayer insulation film 6 is etched into 
one half extent of the original thickness, and the level difference configuration 62 is formed. 
[0006] Then, as shown in drawing 11 (c) r after applying a resist 5 again, exposure and 
development of the through hole field 23 (refer to drawing 2 (b)) are performed (drawing Nakaya 
mark). And as shown in drawing 11 (d), etching processing is performed to the interlayer 
insulation film 6 of the through hole field 23, and a through hole 61 is formed. 
[0007] The second approach is an approach of performing half exposure. By this approach, first, 
as shown in drawing 12 (a), in the wafer which has the same configuration as what was shown in 
drawing 1 1 (a), half exposure (exposure, drawing Nakaya mark with which the thickness of the 
resist 5 after exposure becomes original one half extent) is performed to the half field 22. Then, 
additional exposure of the light exposure which runs short to the through hole field 23 is carried 
out. Consequently, as shown in drawing 12 (b), the resist hole 101 and the resist level difference 
102 are formed in a resist 5. 

[0008] Then, as shown in drawing 12 (c), after etching the through hole field 23, removing an 
interlayer insulation film 6 and forming a through hole 61, as shown in drawing 12 (d), the resist 5 
of the half field 22 is removed (ashing). Finally, as shown in drawing 12 (e), the level difference 
configuration 62 is formed in an interlayer insulation film 6 according to a half etching process. 
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[0009] Furthermore, the technique of performing exposure / development process using the 
photo mask which prepared the photo mask possessing permeability gradation, i.e., the 
protection-from-light section, the transflective section, and the transparency section as other 
approaches of forming the above-mentioned level difference configuration 62 is known. 
[0010] As the above-mentioned technique, the technique currently indicated by ** JP,63- 
18351A ** JP.6-27636A or ** JP,7-49410,A is mentioned, for example. 
[0011] With the technique of the above-mentioned **, the chromium (Cr) film is used for the 
protection-from-light section as the transflective section using the semi-transparent membrane 
which consists of chrome oxide (CrO). Moreover, with the technique of the above-mentioned **, 
while using the silicon oxide (Si02) film in which the matter which absorbs light was made to mix 
as the transflective section, the light-shielding film which has the three-tiered structure of 
chrome oxide / chromium / chrome oxide (CrO/Cr/CrO) is used as the protection-from-light 
section. Furthermore, with the technique of the above-mentioned **, the protection-from-light 
section and the transflective section are formed by changing the thickness of a chromium 
compound in the photo mask which used the chromium compound. 
[0012] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in each 
technique mentioned above. First, although the above-mentioned primary method is the general 
technique of having utilized the conventional technique, it needs to repeat a series of processes 
of a resist spreading process, exposure / development process, and an etching process twice, 
and a routing counter increases it dramatically. Therefore, since the opportunity for dust to 
adhere to a semiconductor device increases while a throughput falls, there is a possibility that 
the yield of a device may fall. 

[0013] Moreover, since all the processes except the second approach of the above performing 
exposure / development process twice can be managed at once, a routing counter is reduced 
compared with the above-mentioned primary method. However, in order to use the photo mask 
of two sheets on the occasion of exposure / development process, the alignment precision of 
the exposure pattern of the half field 22 and the exposure pattern of the through hole field 23 is 
needed. 

[0014] The alignment precision of each above-mentioned exposure pattern is determined by the 
precision at the time of carrying out alignment of the photo mask of two sheets by the stepper, 
respectively, and the own relative- position precision (superposition precision of a photo mask) of 
a photo mask of two sheets. Therefore, high degree of accuracy will be required dramatically and 
all can serve as an instability element in development / exposure process. 
[0015] Thus, by the above-mentioned all directions method, since exposure and development of 
multiple times are needed or highly precise alignment of a photo mask is needed, complicated- 
Jzation of a process which carries out level difference formation has been invited to the 
interlayer insulation film 6. 

[0016] On the other hand, with each technique of the above-mentioned **-**, what equips the 
photo mask of one sheet with the transflective section in addition to the protection-from-light 
section and the transparency section is used. Therefore, it is possible to form the resist level 
difference 102 as shown in a resist 5 at drawing 1 2 (b) in one exposure and development. So, in 
forming the level difference configuration 62 in an interlayer insulation film 6, it is unnecessary in 
the alignment of exposure and development of multiple times, or a highly precise photo mask, 
and it is possible to shorten and simplify a level difference formation process more. 
[0017] However, with each technique of the above-mentioned ** - *\ although reference is 
made about permeability gradation when it sees about the concrete configuration of the 
transparency section provided in the photo mask of one sheet, and the transflective section, 
about phase contrast setting out of the transflective section to the transparency section, 
reference is not made at all. 

[0018] In manufacture of a semiconductor device, although a through hole 61 and a wiring gutter 
are more minute, in order to imprint such a minute exposure pattern to accuracy at a resist 5 
using the photo mask which has transmission gradation, phase contrast control of the 
transflective section to the transparency section becomes indispensable. So, with each 
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technique of the above-mentioned ** - **, the trouble that the desired resist level difference 
102 cannot be certainly formed to a resist 5 is invited. 

[0019] This invention is made in order to solve the above-mentioned trouble, and the object is in 
offering the photo mask which can form an exact resist level difference on a resist, the 
manufacture approach of this photo mask, and the exposure approach using this photo mask 
further by taking into consideration the transmission and phase contrast over the transparency 
section of the transflective section. 
[0020] 

[Means for Solving the Problem] In order that the photo mask of this invention according to 
claim 1 may solve the above-mentioned technical problem In a photo mask equipped with the 
transparency section which is used in order to expose a predetermined pattern, and penetrates 
exposure light, the protection-from-light section which intercepts exposure light substantially, 
and the transflective section set up so that permeability might become lower than the 
permeability of the above-mentioned transparency section The above-mentioned transflective 
section is characterized by having set up the phase contrast over the transparency section so 
that interference generated between the exposure light which penetrates this transflective 
section, and the exposure light which penetrates the transparency section may be controlled. 
[0021] According to the configuration of the claim 1 above-mentioned publication, in the above- 
mentioned transflective section, since not only the permeability to the transparency section but 
phase contrast is taken into consideration, interference with the exposure light which penetrates 
the transparency section, and the light which penetrates the transflective section is controlled. 
Consequently, in the transflective section, a part where permeability changes with above- 
mentioned interference substantially stops occurring, and optical reinforcement almost proper in 
the whole region can be realized. 

[0022] Therefore, if the above-mentioned photo mask is used and a resist is exposed and 
developed, since the resist remainder and resist decrease will hardly occur, a desired resist 
pattern can be formed certainly, so, for example, a resist top -- thickness -- about [ of origin ] - 
- it becomes possible to form certainly and efficiently the resist level difference which has a 
field used as one half. 

[0023] If etching processing and ashing processing are performed by forming the above- 
mentioned resist level difference certainly, it will become possible to form a desired level 
difference configuration in the interlayer insulation film on a semiconductor device certainly and 
easily. So, in manufacture of a semiconductor device, the through hole and wiring gutter of more 
minute structure can be more efficiently formed to an interlayer insulation film. 
[0024] In addition to the configuration according to claim 1, the photo mask of this invention 
according to claim 2 is characterized by changing the configuration of this transparency section 
based on the shift of the exposure light which penetrated the transparency section produced 
when the permeability of the above-mentioned transparency section and the transflective 
section differs, in order to solve the above-mentioned technical problem. 
[0025] If the permeability of the transparency section and the transflective section differs as 
mentioned above, the exposure light which penetrated this transparency section may be shifted 
compared with the exposure light which penetrated the transflective section so that exposure 
area may be expanded. So, with the configuration of the claim 2 above-mentioned publication, 
the configuration of the transparency section is changed based on the above-mentioned shift. 
Therefore, the above-mentioned shift produced on the occasion of exposure can be canceled, 
and a desired resist pattern can be formed more certainly. 

[0026] In order that the photo mask of this invention according to claim 3 may solve the above- 
mentioned technical problem, in addition to the configuration according to claim 1 or 2, the 
above-mentioned transflective section is characterized by having the semi-transparent 
membrane which consists of an acid nitride of silicide. 

[0027] Since the semi-transparent membrane which becomes the transflective section from the 
acid nitride of silicide is used according to the configuration of the claim 3 above-mentioned 
publication, the permeability and phase contrast of a semi-transparent membrane can be 
changed by changing the content of oxygen or nitrogen. So, the permeability and phase contrast 
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in the transflective section are easily controllable. 

[0028] In order that the photo mask of this invention according to claim 4 may solve the above- 
mentioned technical problem, when the permeability of the above-mentioned transflective 
section is in 10 - 30% of within the limits to the permeability of the transparency section in 
addition to a configuration according to claim 3, phase contrast of this transflective section is 
characterized by being within the limits of 50-70 degrees to the above-mentioned transparency 
section. 

[0029] According to the configuration of the claim 4 above-mentioned publication, when the acid 
nitride of silicide is used as the transflective section, the permeability and phase contrast of the 
transflective section can control much more effectively interference of the exposure light 
produced in above-mentioned within the limits, then the above-mentioned transflective section, 
and can form a desired resist pattern more certainly. 

[0030] The manufacture approach of the photo mask of this invention according to claim 5 The 
two-layer structure film formation process which forms the semi-transparent membrane which 
has the permeability of a light lower than this transparence substrate on a transparence 
substrate, and forms further the light-shielding film which intercepts light on it in order to solve 
the above-mentioned technical problem, The exposure process exposed with an electron beam 
after forming a resist in the shape of a layer further on the above-mentioned light-shielding film, 
The two-layer structure film clearance process of removing a semi-transparent membrane and a 
light-shielding film from the field where the resist was removed according to the above- 
mentioned exposure process, It is characterized by including the resist clearance process of 
removing a resist, and the light- shielding film clearance process of removing a light-shielding film 
from the above-mentioned thin layer field where the resist was removed from the thin layer field 
which serves as film thickness from the original resist formed on the resist of the above- 
mentioned exposure process. 

[0031] Since the two-layer structure film which consists of a semi-transparent membrane and a 
light-shielding film is formed on a transparence substrate according to the approach of the claim 
5 above-mentioned publication, the photo mask mentioned above can be formed easily. 
Moreover, since the resist is performing patterning of a semi-transparent membrane and a light- 
shielding film, a desired exposure pattern can be formed efficiently and certainly to a photo 
mask. 

[0032] The exposure approach of this invention according to claim 6 is characterized by forming 
in this resist the level difference from which thickness differs by exposing the resist formed in 
claim 1 thru/or any 1 term of 4 in the shape of a layer using the photo mask of a publication, in 
order to solve the above-mentioned technical problem. 

[0033] According to the approach of the claim 6 above-mentioned publication, moreover, the 
resist pattern which has a level difference can be certainly formed only by one exposure, for 
example. So, while being able to attain simplification of an exposure process, such exposure is 
needed, for example, the production process of a semiconductor device can also be simplified. 
[0034] 

[Embodiment of the Invention] It will be as follows if one gestalt of operation of this invention is 
explained based on drawing 1 thru/or drawing 10 . In addition, this invention is not limited to this. 

[0035] The photo mask concerning this invention is used in order to form a resist level 
difference (level difference) on a resist in one exposure and development for the purpose of 
forming a level difference configuration in the interlayer insulation film of a semiconductor 
device. 

[0036] Therefore, after setting up the transparency section which penetrates exposure light with 
high permeability to the photo mask of one sheet, the transflective section set up so that 
permeability might become lower than the permeability of the above-mentioned transparency 
section, and the protection-from -light section which intercepts exposure light substantially, 
respectively It is optimizing so that interference generated between the exposure light which 
penetrates the above-mentioned transflective section for the phase contrast of the transflective 
section to the transparency section, and the exposure light which penetrates the transparency 
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section may be controlled. 

[0037] First, formation of the interlayer insulation film in a semiconductor device is explained. If 
the wafer with which the interlayer insulation film 6 was formed on the lower layer wiring layer 7 
is made into an example as shown in drawing 2 (a) f the through hole 61 for exposing the lower 
layer wiring layer 7 is formed in this interlayer insulation film 6, and the level difference 
configuration 62 which serves as a wiring gutter to the perimeter is further formed in it. The field 
where this level difference configuration 62 has the original thickness formed at least, and the 
thickness of an interlayer insulation film 6 consist of a field of the beginning which serves as half 
(1/2) mostly. 

[0038] In addition, as the following explanation shows to drawing 2 (b), the field equivalent to the 
field which has the original thickness by which formation was carried out [ above-mentioned ] is 
made into a basic partition 21, and make into the half field 22 the field in which thickness is 
equivalent to the field of the beginning which serves as half (1/2) mostly, and let the field 
equivalent to a through hole 61 be the through hole field 23. 

[0039] Although the level difference configuration 62 is formed in the above-mentioned 
interlayer insulation film 6 of etching which used the resist, in order to expose the exact resist 
pattern equivalent to this level difference configuration 62, the photo mask which has 
permeability setting out of at least 3 gradation is used, like the formation fault of the level 
difference configuration 62 using this photo mask — ******** jt explains. 
[0040] First, as shown in drawing 3 (a), the layer-like resist 5 is further formed on the interlayer 
insulation film 6 of the wafer in which the interlayer insulation film 6 was formed on the lower 
layer wiring layer 7, and it exposes through a photo mask 1. This photo mask 1 has the 
transparency section 11, the transflective section 12, and the protection-from-light section 13. 
Then, by developing negatives, as shown in drawing 3 (b), the resist 5 which has the resist hole 

51 and the resist level difference 52 is formed. 

[0041] At this time, the field equivalent to the protection-from-light section 13 is the above- 
mentioned basic partition 21, and the resist 5 on a wafer remains as it is. the field equivalent to 
the transflective section 12 -- the above-mentioned half field 22 -- it is — after development 
and a resist 5 about [ of the original thickness ] — it is set to one half. The resist level 
difference 52 is formed of this half field 22. The field equivalent to the transparency section 11 is 
the above-mentioned through hole field 23, and a resist 5 is removed thoroughly and it serves as 
the resist hole 51. 

[0042] Then, as shown in drawing 3 (c), after removing an interlayer insulation film 6, exposing 
the lower layer wiring layer 7 and forming a through hole 61 by etching into the resist hole 51 
(through hole field 23), as shown in drawing 3 (d), the resist 5 of the half field 22 is removed 
(ashing). Finally, as shown in drawing 3 (e), according to a half etching process, the interlayer 
insulation film 6 in the half field 22 is etched into one half extent of the original thickness, and 
the level difference configuration 62 is formed in an interlayer insulation film 6. 
[0043] Thus, in order to form the level difference configuration 62 in an interlayer insulation film 
6, it is necessary to the resist 5 used as the masking material in etching to form the resist level 
difference 52 in the half field 22. 

[0044] Here, in the above-mentioned photo mask 1, in order to form the resist level difference 

52 in the half field 22, the permeability in the transflective section 12 is strictly set up to the 
permeability of the transparency section 11. That is, if the transmission of the transparency 
section 11 is the optical reinforcement from which the exposure light which penetrated the 
transparency section 1 1 can remove a resist 5 thoroughly, the transmission of the transflective 
section 12 is set up so that it may become the optical reinforcement to which the exposure light 
which penetrated the transflective section 12 makes a resist 5 about about 1 of the original 
thickness / 2. 

[0045] However, in the transflective section 12, the positive resist level difference 52 cannot be 
formed in a resist 5 only by only setting up the transmission to the transparency section 11. 
Furthermore, it is necessary to also set up the phase contrast over the transparency section 11 
in the transflective section 12. 

[0046] About setting out of the above-mentioned phase contrast, as shown in drawing 4 (a), the 
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situation that the phase contrast of the transflective section 12 to the transparency section 11 
exposed the resist 5 using the photo mask 10 which is near 180 degree is mentioned as an 
example, and is explained. 

[0047] The above-mentioned photo mask 10 has a three-tiered structure by which a semi- 
transparent membrane 3 and the two-layer structure film of a light-shielding film 4 were formed 
on the transparence substrate 2, as shown in drawing 4 (a). Moreover, the part which has 
exposed the above-mentioned transparence substrate 2 is the transparency section 11, the part 
which has exposed the wrap semi-transparent membrane 3 for the transparence substrate 2 is 
the transflective section 12, and the part of the light-shielding film 4 which has covered 
transparence substrate 2 and a semi-transparent membrane 3 is the protection-from-light 
section 13. 

[0048] As the transmission of the above-mentioned transflective section 12 was mentioned 
above at this time, when a resist 5 is exposed through a semi-transparent membrane 3, that 
thickness is the optical reinforcement eO of the original thickness which may be exposed so that 
it may become half mostly. Although set up, it is not taken into consideration especially about 
the phase contrast over the transparency section 1 1 (transparence substrate 2). 
[0049] When the phase contrast of the semi-transparent membrane 3 of the transflective 
section 12 to the transparence substrate 2 of the above-mentioned transparency section 11 is 
near 180 degree, on the borderline 14 of the transparency section 11 and the transflective 
section 12, the part where optical reinforcement becomes 0 is generated according to the optical 
cross protection of an opposite phase. It is the point P0 that optical reinforcement is set to 0 on 
the above-mentioned borderline 14 in the graph of the optical intensity distribution which made 
the axis of ordinate the optical reinforcement e, and specifically made the axis of abscissa the 
location P on a wafer as shown in drawing 4 (b). It is generated. Therefore, when the above- 
mentioned photo mask 10 is used and a resist 5 is exposed and developed, as shown in the 
resist sectional view of drawing 4 (c), it is the point P0 describing above. By the corresponding 
part, since optical reinforcement is set to 0, a resist 53 [ remainder ] occurs. 
[0050] Moreover, in the location (location which becomes near the medium of the side of a short 
side, and the central resist hole 51 in the rectangle-like half field 22 all over drawing) in which 
the primary diffracted light of the transparence substrate 2 in the transparency section 11 and 
the transmitted light of the semi-transparent membrane 3 in the transflective section 12 become 
in phase mutually, and interfere, it is the secondary peak P1 of optical reinforcement. It is 
generate. Therefore, as shown in drawing 4 (c), it is this secondary peak P1. In a corresponding 
part, the resist decrease 54 to which a resist 5 decreases from desired thickness occurs. 
[0051] Namely, proper optical reinforcement eO as the permeability of the semi-transparent 
membrane 3 mentioned above shows with the broken line in drawing 4 (b) Even if set up If phase 
contrast of the semi-transparent membrane 3 in the transflective section 12 to the 
transparence substrate 2 in the transparency section 11 is not set up, it is a point P0. They are 
optical on-the-strength difference delta l=delta 10 and the secondary peak P1 then. It is optical 
on -the -strength difference delta l=delta 11 then. It will generate. 

[0052] Therefore, the above-mentioned photo mask 10 which does not take phase contrast into 
consideration is deltalO+deltall at the maximum to a semi-transparent membrane 3. It will be 
used for exposure in the condition that the difference on the strength [ optical ] has arisen. 
Consequently, in the exposure and development using the above-mentioned photo mask 10, as 
shown in drawing 4 (d), the resist level difference 52 cannot be certainly formed in a resist 5. 
[0053] Ideally, the above-mentioned resist level difference 52 should be formed in the half field 
22 to which it was surrounded by the basic partition 21, and the broken-line section also 
included the perimeter and which turns into a rectangle-like field mostly in drawing 4 (d). 
However, point P0 which is the perimeter of the through hole field 23 The resist 53 [ remainder ] 
which has the 1/2 or more original thickness to a corresponding part occurs, and it is the above- 
mentioned secondary peak P1 further. The resist decrease 54 occurs in a corresponding part 
(circular [ show / a drawing destructive line / and ]). 

[0054] Therefore, even if it sets only the permeability of the transflective section 12 to the 
transparency section 1 1 as a proper value, unless the phase contrast of the transflective section 
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12 to the transparency section 11 is taken into consideration, the resist 5 which has the exact 
resist level difference 52 can be obtained. If the exact resist level difference 52 cannot be 
formed, the interlayer insulation film 6 which it becomes impossible to form the exact half field 
22 in an interlayer insulation film 6 f and has the desired level difference configuration 62 as a 
result is no longer obtained. 

[0055] So, in the photo mask 1 of this invention, what set up not only the permeability to the 
transparency section 11 but phase contrast is used in the transflective section 12. 
[0056] As shown in drawing 1 (a), the thing of a three-tiered structure (transparence substrate 
2, semi-transparent membrane 3, and light-shielding film 4) is used like the photo mask 10 
mentioned above as the above-mentioned photo mask 1. The part which has exposed the 
transparence substrate 2 is the transparency section 11, the part where the wrap semi- 
transparent membrane 3 has exposed the transparence substrate 2 is the transflective section 
12, and the part of the light-shielding film 4 which has covered transparence substrate 2 and a 
semi-transparent membrane 3 is the protection-from-light section 13. 
[0057] the permeability of the transflective section 12 at this time -- the above -- proper 
optical reinforcement eO It is set up so that it may become. Furthermore, in addition to this 
permeability, the phase contrast of the transflective section 12 to the transparency section 11 is 
also optimized. In this invention, in order to form the resist level difference 52 in a resist 5 
certainly, phase contrast is set up so that interference generated between the exposure light 
which penetrates the transflective section 12, and the exposure light which penetrates the 
transparency section 1 1 may be controlled. 

[0058] Therefore, as shown in the graph of the optical intensity distribution of drawing 1 (b), the 
permeability of the transflective section 12 is the optical reinforcement eO almost proper in the 
whole region. It becomes. Optical on-the-strength difference delta l=delta IO+deltal1 like [ if it 
puts in another way, since exposure light will hardly interfere in a semi-transparent membrane 
3 ] the photo mask 10 which optical on-the-strength difference deltal was set to about 0, and 
was mentioned above It does not generate. 

[0059] So, if the above-mentioned photo mask 1 is used and a resist 5 is exposed and 
developed, as shown in the resist sectional view of drawing 1 (c), in the half field 22, the resist 
53 [ remainder ] near the resist hole 51 and generating of the resist decrease 54 are avoidable, 
therefore -- the half field 22 — the thickness of a resist 5 -- about [ of origin ] -- it is set to 
one half and the desired resist level difference 52 can be formed. 

[0060] And as shown in the resist top view of drawing 1 (d), the half field 22 is formed in the 
resist pattern which followed mostly the exposure pattern formed in the photo mask 1. that is, 
the half field 22 was surrounded by the basic partition 21 in the perimeter --it becomes a 
rectangle-like field mostly, and the through hole field 23 is formed so that a basic partition 21 
may be further touched in the center section. Therefore, the positive resist level difference 52 
can be efficiently formed to a resist 5. 

[0061] If etching processing and ashing processing are performed to the resist 5 in which the 
above-mentioned resist level difference 52 was formed, the interlayer insulation film 6 with which 
the desired level difference configuration 62 and the desired half field 22 as shown in drawing 2 
(a) - (b) were formed can be obtained. 

[0062] the resist remainder as shown in drawing 4 (c) - (d) in the above-mentioned transflective 
section 12 the permeability which can avoid 53 and the resist decrease 54, and especially the 
proper numeric value of phase contrast are not limited, and are suitably changed by the light 
source of the aligner used for an exposure process, the engine performance of construction 
material in which it is used as a resist 5, the thickness of the resist 5 formed, etc. 
[0063] Moreover, since the permeability and phase contrast of the above-mentioned 
transflective section 12 may change with the thickness of a semi-transparent membrane 3 
simultaneously, it is dramatically desirable that the thickness of a semi-transparent membrane 3 
is also set up proper on the occasion of setting out of the permeability and phase contrast in the 
transflective section 12. 

[0064] For example, with the gestalt of this operation, the acid nitride (MoSiOX NY) of 
molybdenum silicide is used as a semi-transparent membrane 3 so that it may mention later. At 
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this time, as for the permeability of the transflective section 12, it is desirable that it is 10 - 30% 
of within the limits to the permeability of the transparency section 11 r and it is desirable that it 
is especially just over or below 15%. Moreover, as for the phase contrast over the transparency 
section 11, it is desirable that it is within the limits of 50-70 degrees, and it is desirable that it is 
especially around 60 degrees. In addition, about the permeability and phase contrast of the 
above-mentioned transflective section 12, it mentions later. 

[0065] setting up the permeability and phase contrast over the transparency section 11 proper 
in the transflective section 12 mentioned above with the photo mask 1 of this invention --in 
addition, it is more desirable to adjust the size of the exposure pattern containing the 
transflective section 12 and the protection-from-light section 13 proper further. 
[0066] For example, in order to form the above-mentioned through hole 61 and the level 
difference configuration 62 in an interlayer insulation film 6, as shown in drawing 5 (a), suppose 
that the exposure pattern which forms the rectangle-like half field 22 so that [ the 
circumference ] it may be surrounded by the basic partition 21, and establishes a through hole 
61 in the center section of this half field 22 as contacts a basic partition 21 is used. In this case, 
in the photo mask 1 used, the protection-from-light section 13 and the half field 22 are 
equivalent to the transflective section 12, and a through hole 61 is equivalent to the 
transparency section 11 for a basic partition 21. 

[0067] However, with the above-mentioned photo mask 1, if the resist 5 formed on the interlayer 
insulation film 6 is exposed and developed as shown in drawing 3 (a), according to the difference 
of the transmission of the transflective section 12 and the transparency section 11, as shown in 
drawing 5 (b), the resist pattern on a wafer will shift, and the resist pattern of the request as an 
exposure pattern will not be obtained. 

[0068] As the through hole field 23 which should specifically be formed so that a basic partition 
21 may be touched shows drawing 5 (b), the exposure field of exposure light is expanded, and it 
shifts so that width-of-face deltaW pervasion of a basic partition 21 may be done (width -of- face 
deltaW at this time is set to shift width-of-face deltaW). Since the through hole field 23 becomes 
larger than ideal size as shown in drawing 5 (a), it becomes impossible to form the desired 
through hole 61 in an interlayer insulation film 6 according to generating of this shift width-of- 
face deltaW. 

[0069] Then, it is made to change from the configuration which forms the configuration of the 
above-mentioned transparency section 11 actually in the photo mask 1 of this invention based 
on the shift (shift width-of-face deltaW) of the exposure light which penetrated the transparency 
section 11 produced when the permeability of the above-mentioned transparency section 11 and 
the transflective section 12 differs. With the gestalt of this operation, as shown in drawing 6 (a), 
the magnitude of the through hole field 23 is set up so that it may become small to the half field 
22. 

[0070] Since the through hole field 23 is equivalent to the transparency section 11 in a photo 
mask 1, the permeability of exposure light becomes high rather than the half field 22 equivalent 
to the transflective section 12. Therefore, shift width-of-face deltaW occurs at the time of 
exposure. So, based on this shift width-of-face deltaW, only deltaM makes small size of the 
transparency section 11 (through hole field 23) (referred to as cutback width-of-face deltaM). 
[0071] By this, as shown in drawing 6 (b), the desired resist pattern (resist pattern which has the 
through hole field 23 which touches a basic partition 21) near an ideal exposure pattern as 
shown by drawing 5 (a) can be obtained. In addition, since it is the parameter which changes with 
the configurations of a photo mask 1 or an aligner suitably, the above-mentioned shift width-of- 
face deltaW is not limited especially as a numeric value. 

[0072] For example, if it sees about the relation between the above-mentioned shift width-of- 
face deltaW and cutback width-of-face deltaM and cutback width-of-face deltaM will be 
exposed by the exposure pattern (refer to drawing 5 (a)) which is 0 as shown in the graph of 
drawing 7 , shift width-of-face deltaW of the through hole field 23 will become max (refer to 
drawing 5 (b)). Then, point M0 that shift width-of-face deltaW will be set to 0 if cutback width- 
of-face deltaM is enlarged It reaches. So, cutback width-of-face deltaM=M0 If the exposure 
pattern (refer to drawing 6 (a)) carried out is used, the proper through hole 61 will be formed 
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(refer to drawing 6 (b)). However, this cutback width-of-face deltaM=M0 It changes with the light 
source of an aligner, the permeability of the transflective section 12 and the transparency 
section 11 in a photo mask 1, etc. suitably. 

[0073] Next, the manufacture approach of the photo mask 1 of this invention mentioned above is 
explained. In manufacture of the above-mentioned photo mask 1, five processes of a two-layer 
structure film formation process, an exposure process, a two -layer structure film clearance 
process, a resist clearance process, and a light-shielding film clearance process are carried out 
at least. 

[0074] First, a semi-transparent membrane 3 is formed on the transparence substrate 2, and a 
light-shielding film 4 is further formed on this semi-transparent membrane 3. That is, three- 
tiered structure 1a as shown in drawing 8 (a) is obtained by forming the two-layer structure film 
which consists of a semi-transparent membrane 3 and a light-shielding film 4 on the 
transparence substrate 2 (two-layer structure film formation process). 
[0075] Although it is not limited if it is the construction material which can obtain desired 
permeability as the above-mentioned semi-transparent membrane 3, the oxide, nitride, or acid 
nitride of silicide is desirable, for example, the oxide (MoSiOX), nitride (MoSiNY), or acid nitride 
(MoSiOX NY) of molybdenum silicide (MoSi) is more desirable, and it is MoSiOX NY. It is 
especially desirable. In addition, Y which shows X and the number of nitrogen which show the 
number of oxygen in each above-mentioned chemical formula is X> 0 and Y> 0. 
[0076] Above MoSiOX NY from -- the reactant spatter carried [ as the formation approach of 
the becoming semi-transparent membrane 3 (MoSiOX NY film) ] out under the ambient 
atmosphere containing each gas of an argon (Ar), oxygen (02), and nitrogen (N2), for example 
can be mentioned. 

[0077] MoSiOX NY If the film is used for a semi-transparent membrane 3, the permeability and 
phase contrast over the transparence substrate 2 are controllable by changing the content of 
oxygen (O) or nitrogen (N). Therefore, especially Y that shows X and the number of nitrogen 
which show the number of oxygen in each above-mentioned chemical formula is not limited as a 
concrete numeric value, and is changed according to permeability or phase contrast. 
[0078] In addition, MoSiOX NY By the film, generally, when 0 or N content is made to increase, it 
is in the inclination for both permeability and phase contrast to fall. Moreover, phase contrast 
and permeability are MoSiOX NY. It is MoSiOXNY as it mentioned above, in order to change with 
membranous thickness simultaneously. Setting out of membranous thickness also becomes 
important. 

[0079] MoSiOX NY used as a semi-transparent membrane 3 in the gestalt of this operation 
Membranous permeability has 10 - 30% of desirable within the limits to the permeability of the 
transparence substrate 2, and especially its 15% order is desirable. Moreover, within the limits of 
phase contrast of 50-70 degrees is desirable to the transparence substrate 2, and it is desirable. 
[ of especially 60 degree order ] Furthermore, it is MoSiOX NY. Membranous thickness is within 
the limits of 500-700A, and it is desirable that it is around 600A. However, the above-mentioned 
transmission, phase contrast, and thickness are suitably set up according to the light source of 
an aligner, the class of resist 5, etc., as mentioned above. 

[0080] Moreover, although it is not limited if it is the construction material which has protection- 
from-light nature sufficient with a thin film as a light-shielding film 4, especially chromium 
(optical density is about 3.0 at Cr:100nm thickness) is desirable, for example. As the formation 
approach of this light-shielding film 4, a spatter can be used suitably, for example. 
[0081] Next, further, as shown in drawing 8 (a), it applies on this three- tiered structure 1a so 
that it may become the thickness of a request of a resist 8 (for example, EB resist: trade name 
ZEP810S, Nippon Zeon make). This resist 8 may be the same as the resist 5 mentioned above, 
and may differ. 

[0082] Although not limited especially as thickness of the above-mentioned resist 8, it is 
desirable that it is about 4500-5500A. The field equivalent to the transparency section 11 and 
the transflective section 12 is exposed by electron beam exposure (drawing Nakaya mark) to this 
resist 8 (exposure process). Exposure is made so that a resist 8 may be thoroughly removed 
after development to the field equivalent to the above-mentioned transparency section 11. 
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moreover, the field equivalent to the above-mentioned transflective section 12 — receiving 
after development -- the thickness of a resist 8 -- about [ of origin ] — light exposure is 
adjusted and exposure is made so that it may be set to one half. 

[0083] Since exposure is made by scanning based on the same reference value to the field 
equivalent to the transparency section 11 and the transflective section 12, location precision is 
dramatically excellent in the above-mentioned electron beam exposure. So, after exposure of the 
field which is equivalent to the transflective section 12 previously is made, even if additional 
exposure is made to the field equivalent to the transparency section 11, a location gap does not 
arise and a request can be exposed. 

[0084] Of this electron beam exposure, as shown in drawing 8 (b), the resist pattern which has 
the residual field 31 where a resist 8 remains as it is, the thin layer field 32 (equivalent to the 
transflective section 12) which serves as film thickness (about [ in this case / of origin ] 1/2) 
from the original resist 8, and the clearance field 33 (equivalent to the transparency section 11) 
where the resist 8 was removed is formed on three-tiered structure 1a. 
[0085] Then, as shown in drawing 8 (c), etching removes the light-shielding film 4 and semi- 
transparent membrane 3 of the clearance field 33, the transparence substrate 2 is exposed, and 
the transparency section 11 is formed (two-layer structure film clearance process). 
[0086] Dry etching of a light-shielding film 4 is previously carried out to three-tiered structure 
1a in which the resist pattern shown in drawing 8 (b) was specifically formed first. If a light- 
shielding film 4 is chromium film, it is CI2 as etching gas. Or CH2 CI2 02 The dry etching which 
uses mixed gas can be used suitably. The selectivity of etching to the semi-transparent 
membrane 3 (MoSiOX NY film) which is a lower layer comes out of these mixed gas enough, and, 
for a certain reason, degradation of a semi-transparent membrane 3 is not generated at all. 
[0087] And after clearance of a light-shielding film 4 ends, dry etching of a semi-transparent 
membrane 3 is carried out. On the occasion of this etching, the resist 8 in the residual field 31 
and the lower layer light-shielding film 4 serve as a mask. A semi-transparent membrane 3 is 
MoSiOX NY. If it is the film and a light-shielding film 4 is chromium film, it is CF4 as etching gas. 
And 02 The dry etching which uses mixed gas can be used suitably. If this mixed gas is used, the 
selectivity of etching to the resist 8 and light-shielding film 4 (chromium film) as a masking 
material can remove only a next door and a semi-transparent membrane 3 effectively enough. 
[0088] Furthermore, as shown in drawing 8 (d), ashing removes the resist 8 of the thin layer field 
32 (resist clearance process). As this ashing, it is 02, for example. The plasma ashing method 
can be used suitably. 

[0089] Finally, as shown in drawing 8 (e), etching removes the light- shielding film 4 in the thin 
layer field 32, a semi-transparent membrane 3 is exposed, and the transflective section 12 is 
formed (light-shielding film clearance process). Dry etching which was mentioned above when 
the light-shielding film 4 was chromium film at this time can be used suitably. In addition, it is 
removed, a light-shielding film 4 is exposed, and the resist 8 of the residual field 31 serves as the 
protection -from-light section 13. According to the above process, the photo mask 1 concerning 
this invention is manufactured. 

[0090] Here, the size of the transparency section 1 1 is the size as which the shift of the 
exposure light at the time of exposure was considered, as mentioned above. Moreover, the 
permeability and phase contrast over the transparence substrate 2 in a semi-transparent 
membrane 3 are determined at the time of selection of construction material. 
[0091] The concrete configuration of the photo mask 1 concerning this invention mentioned 
above is explained based on the following examples. 

[0092] [Example] In this example, a quartz substrate is used as a transparence substrate 2. On 
this transparence substrate 2 After forming the semi-transparent membrane 3 which consists of 
an acid nitride (MoSiOX NY) of molybdenum silicide and forming further the light-shielding film 4 
which consists of chromium (Cr) on it, by the manufacture approach mentioned above The photo 
mask 1 concerning this invention was manufactured ( drawing 8 (a) refer to - (e) and the 
manufacture approach of a photo mask 1 mentioned above). 

[0093] MoSiOX NY which serves as the transflective section 12 with the photo mask 1 obtained 
The set point of the transmission in the film (semi-transparent membrane 3) changes with the 
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light source of the aligner used at the time of exposure, classes, thickness of a resist 5 f etc., as 
mentioned above. Then, it is MoSiOX NY by controlling the content of each above-mentioned 
gas in the case of a reactant spatter. The membranous content of 0 or N is changed and it is 
MoSiOX NY. It was set as membranous permeability (exposure absorption-of-light multiplier) and 
the value of a request of phase contrast (rate of exposure optical refraction). 
[0094] In this example, when thickness of the semi-transparent membrane 3 (MoSiOX NY film) in 
the above-mentioned transflective section 12 was made into 600A, while setting permeability to 
about 15% of the permeability of the transparence substrate 2 (namely, transparency section 11) 
by changing the content of 0 or N at the time of formation of a semi-transparent membrane 3, 
the phase contrast over the transparence substrate 2 was set up near about 60 degree. 
[0095] The relation of this permeability or phase contrast, and thickness of a semi-transparent 
membrane 3 (MoSiOX NY film) is shown in the graph of drawing 9 . An axis of ordinate is 
permeability (%) or phase contrast (deg.=**), and an axis of abscissa is the thickness (A) of a 
semi-transparent membrane 3. This graph shows the dependency of the permeability and phase 
contrast in the KrF excimer laser to the thickness of a semi-transparent membrane 3. The 
thickness of a semi-transparent membrane 3 follows on increasing, and phase contrast (broken 
line) is increasing proportionally. On the other hand, although it becomes higher as the thickness 
of permeability (continuous line) of a semi-transparent membrane 3 is small, the more thickness 
becomes large at reverse, the more 0 is approached. That is, permeability changes so that it may 
be in inverse proportion to the thickness of a semi-transparent membrane 3. 
[0096] In this graph, the neighborhood where the graph of the permeability shown as change and 
the continuous line of the phase contrast shown with a broken line crosses will show the relation 
between desirable permeability and phase contrast especially. So, when [ especially about 15% 
of ] the thing corresponding to this is used as a resist 5, using a KrF excimer laser as the light 
source of an aligner, the permeability of a semi-transparent membrane 3 (MoSiOX NY film) has 
10-30% of desirable within the limits, and is desirable. Similarly, within the limits of phase 
contrast of 50-70 degrees is desirable, and especially the thing become about 60 degrees is 
desirable. 

[0097] In addition, it is desirable that it is within the limits of 500-700A, and it is desirable that it 
is around 600A as the thickness of the semi-transparent membrane 3 at this time is understood 
also from drawing 9 . 

[0098] The photo mask 1 which has the semi-transparent membrane 3 which fulfills the above- 
mentioned conditions has obtained the optical engine performance which can fully form the 
desired level difference configuration 62 in an interlayer insulation film 6. 
[0099] Here, when the permeability to the transparency section 11 of the above-mentioned 
transflective section 12 is about 15%, the optical intensity distribution on the wafer of the 
exposure light which penetrated the photo mask 1 when changing phase contrast are shown to 
drawing 10 (a) - (f). This drawing 10 (a) By - (f), the above-mentioned exposure luminous 
intensity is expressed with the contour line, and it is typically classified on the wafer in the 
configuration as a basic partition 21, the half field 22, and the through hole field 23 show to 
drawing 5 (a). In addition, only the field equivalent to the left half of a configuration as shown in 
drawing 5 (a) by drawing 10 (a) - (f) for convenience of explanation is illustrated. 
[0100] Moreover, the numerical aperture (NA) of the optical system of 248nm and an aligner is 
[ the line width of face of the half field 22 shown all over / A / drawing / the size of 
micrometers / 0.25 / and the through hole field 23 / the wavelength of 
0.25micrometerx0.25micrometer and exposure light ] 0.55. 

[0101] Drawing 10 (a) - (f) shows the case of 50 degrees of phase contrast, 60 degrees, 70 
degrees, 80 degrees, 100 degrees, and 130 degrees, respectively. Part S1 where exposure 
luminous intensity is [ phase contrast ] narrow a little in the about 23 through hole field half field 
22 by 50 degrees as shown in drawing 10 (a) It sees. Thus, when phase contrast is too small, 
optical reinforcement becomes strong and it is the above S1. Since a part [ like ] is generated, in 
patterning, a resist 5 becomes is hard to be carried out to a desired configuration. 
[0102] Part S2 where the exposure range of exposure light will become large to the about 23 
through hole field half field 22 on the other hand if phase contrast exceeds 70 degrees as shown 
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in drawing 10 (c) - (f) It sees. As especially shown in drawing 10 (e) - (f) r phase contrast follows 
on becoming large, and it is this S2. Discontinuous field S3 where the range turns large up and 
exposure light is not irradiated between the through hole fields 23 It is generated. 
[0103] Thus, when phase contrast is too large, it is the above S2. S3 A part [ like ] is generated. 
Above S2 Drawing 4 (b) Secondary peak P1 which the resist decrease 54 explained in - (d) 
produces It corresponds and is S3. Drawing 4 (b) Point PO which the resist 53 [ remainder ] 
explained in - (d) produces It corresponds. So, when phase contrast is too large, unnecessary 
irregularity will be formed on a resist 5. 

[0104] On the other hand, as shown in drawing 10 (b), when phase contrast is 60 degrees, it is 
above-mentioned S1 -S3 to exposure light. It is not generated. That is, a discontinuous part is 
not generated about the optical reinforcement of exposure light, but optical reinforcement 
changes smoothly. So, when a resist 5 is exposed, generating of a resist 53 [ remainder ] or the 
resist decrease 54 can be avoided. 

[0105] In the transflective section 12, the above result shows that it is proper to make phase 
contrast over the transparency section 11 into about 60 degrees, when permeability [ as 
opposed to about 600A and the transparency section 11 for thickness ] is made into about 15%, 
using the MoSiOX NY film as a semi-transparent membrane 3. 

[0106] Therefore, in the photo mask 1 of this invention which set up the above-mentioned phase 
contrast proper, even if it is a detailed exposure pattern, the resist 5 which has the exact resist 
level difference 52 without unnecessary irregularity as shown, for example in drawing 1 (c) - (d) 
can be obtained. Consequently, it becomes possible to form the very precise level difference 
configuration 62 in an interlayer insulation film 6 by repeating each process shown in drawing 3 
(c)-(e). 

[0107] After forming a copper (Cu) layer etc. by CVD (Chemical Vapor Deposition) on the 
interlayer insulation film 6 formed of the exposure and development using the above-mentioned 
photo mask 1 as shown in drawing 2 , it becomes possible by carrying out CMP (Chmical 
Mechanical Polishing) once further to form a joint with the lower layer wiring layer 7, and the 
upper embedding wiring simultaneously. 

[0108] In addition, in forming a resist level difference in a resist using a photo mask, in this 
invention, the permeability of the transflective section serves as optical reinforcement of the 
original thickness which is set to 2 about 1/, but the photo mask and the exposure approach 
concerning this invention are not limited to such exposure. The photo mask and the exposure 
approach of this invention are suitably used, when performing exposure from which for example, 
optical reinforcement differs by once. 
[0109] 

[Effect of the Invention] The transparency section which the photo mask of this invention 
according to claim 1 is used as mentioned above in order to expose a predetermined pattern, and 
penetrates exposure light, In a photo mask equipped with the protection-from-light section 
which intercepts exposure light substantially, and the transflective section set up so that 
permeability might become lower than the permeability of the above-mentioned transparency 
section the above-mentioned transflective section As interference generated between the 
exposure light which penetrates this transflective section, and the exposure light which 
penetrates the transparency section is controlled, it is the configuration of having set up the 
phase contrast over the transparency section. 

[0110] So, with the above-mentioned configuration, optical reinforcement of the transflective 
section almost proper in the whole region is realized, and the effectiveness that a desired resist 
pattern can be formed certainly is done. 

[0111] The photo mask of this invention according to claim 2 is a configuration produced in 
addition to a configuration according to claim 1 as mentioned above when the permeability of the 
above-mentioned transparency section and the transflective section differs of changing the 
configuration of this transparency section based on the shift of the exposure light which 
penetrated the transparency section. 

[0112] So, with the above-mentioned configuration, the effectiveness that the predetermined 
pattern formed actually can be exposed certainly is done. 
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[0113] The photo mask of this invention according to claim 3 is a configuration equipped with the 
semi-transparent membrane with which the above-mentioned transflective section consists of 
an acid nitride of silicide in addition to a configuration according to claim 1 or 2 as mentioned 
above. 

[0114] So, with the above-mentioned configuration, since it becomes possible to change the 
permeability and phase contrast of a semi-transparent membrane suitably, the effectiveness that 
the permeability and phase contrast in the transflective section are easily controllable is done. 
[0115] When the photo mask of this invention according to claim 4 has the permeability of the 
above-mentioned transflective section in 10 - 30% of within the limits to the permeability of the 
transparency section as mentioned above in addition to a configuration according to claim 3, the 
phase contrast of this transflective section is a configuration which is within the limits of 50-70 
degrees to the above-mentioned transparency section. 

[0116] So, with the above-mentioned configuration, the effectiveness that a desired resist 
pattern can be formed more certainly is done. 

[0117] The manufacture approach of the photo mask of this invention according to claim 5 As 
mentioned above, the two-layer structure film formation process which forms the semi- 
transparent membrane which has the permeability of a light lower than this transparence 
substrate on a transparence substrate, and forms further the light-shielding film which intercepts 
light on it, The exposure process exposed with an electron beam after forming a resist in the 
shape of a layer further on the above-mentioned light-shielding film, The two-layer structure film 
clearance process of removing a semi-transparent membrane and a light-shielding film from the 
field where the resist was removed according to the above-mentioned exposure process, It is 
the approach of including the resist clearance process of removing a resist, and the light- 
shielding film clearance process of removing a light-shielding film from the above-mentioned thin 
layer field where the resist was removed, from the thin layer field which serves as film thickness 
from the original resist formed on the resist of the above-mentioned exposure process. 
[0118] So, by the above-mentioned approach, the effectiveness that the photo mask easily 
mentioned above can be formed is done. Moreover, the effectiveness that it can form efficiently 
and certainly also does a desired exposure pattern so collectively on a photo mask. 
[0119] The exposure approach of this invention according to claim 6 is the approach of forming 
in this resist the level difference from which thickness differs by exposing the resist formed in 
claim 1 thru/or any 1 term of 4 in the shape of a layer using the photo mask of a publication as 
mentioned above. 

[0120] So, by the above-mentioned approach, while being able to attain simplification of an 
exposure process, such exposure is needed, for example, the effectiveness that the production 
process of a semiconductor device can be simplified is done. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

Uhis document has been translated by computer. So the translation may not reflect the original 
precisely. 
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h 5£*fLT, X7f-yyfflS4o<j;D*77^y^a% 

02 (a) • (b) ic7fst&?%. mmmm 

6£t#-5«:fctfT*£ So 

[0 0 6 2] ±E*aa«l 2K*^Ttt, 04 (c) 

• (d) <fc3ftU77h$»3 5 3 

5 4 *0»?*«i8a*fe*tfffiffig©siEaaetti$ 

e>tii9ffiM<VKM.*. lx-77 h 5 £ LTffli^ftS 
tfHOttjSI, EfiESftS h 5 ©SJPft iffCcfc D9 

mm** 

[0 o 6 3] ±§B¥SjUP1 2©S»W3«J:tf{a 
tBMtt, ¥2«BI 3 ©Hiac <fc t) nBfcBfk* 

[0 0 6 4] fc**tf, *£«©J&»?M\ fMr^cJ; 
a iciisii 3 lt€ u 7x y * 'J Koesfki* 

(Mo S i Ox Nv ) ^l^Tl^o d©i:f , 
SP1 2©ji)i$«> ii®a3l lO^Ji^tcWLTl 0~ 
3 0 %©IBHrtT'S§ C fcsWff* L < , 1 5 

mi5 o~7 0° ©SBHrtT*fe5<:i:*W$t<> 60 

• HUT** CfciWlc#SU\ Ite^SjiSP 

[0 0 6 5] *m(D7* hTX^ 1 Tit, J^Lfrf 

jilgpi 2CT, Siigpi l fcttfSSjMfcteitfflHI 

[0066] rctziz, mm&mmQtcittti-*- 

)16 l*J:tfgaSg«6 2«glSf*fc»lC, 05 
(a) (c*tJ:?K, 1*^2 ltHjfl%H$ti5J: 

-*-;U6 i^^SB^^->^ffl^5ttSo c: 
0«^JCffl^5n*7* hvXX 1 T*l±, S*fH«2 1 

tfjfijfean 3, A-7iBi«2 2*'¥i8jawi 2, 
*-;i/6 1 meiAs 1 1 Kusa-rs. 

[0 0 6 7] ±127* hvx^ 1 T% 03 

(a) CSTJ:5lc, mmtWrnt ±KBl8ZtvttW 
7 h 5 *B3t • l^tS ^iiiap 1 2 tliiSP 1 1 

t<o%mmomic£'), 05 (b) t^t^au:, 7x 

aJ:T'01/->7 hv^-y*^77 h LT, WtH9-y 

ffitjosfaou^x h^^->^#e>nftv\ 
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[0 0 6 8] UttWEtt, i E&tSJ:?E 

Bf8.2nmf<DZ)l-*-Jl>ffiWZ3t>\ 05 (b) 

W£-77MiAWttS) c C©f7h«AW08£K: 
cfcD> ^;l/-*-;WH«2 3ttH5 (a) EjjVt<fc5* 

So 

[0 0 6 9] ^CT*, *%W<D7* hvT.^ ] T*W\ ± 10 
IffiSiigfl 1 1 fcilf^SiSSP 1 2 Qigjlttf JlftS C t 
E£ aaffil 1 «SiLfcB3fcft05/7 b 

(S/7MIAW) ES^T\ ±fiail»l l<Dfl£K 

fc»TH\ El 6 (a) Ejjrf-fcoE, 
[0 0 7 0] */l>-*-MgJ#2 3 87* hV77 1 E 

*ofca&, B^Bt(c->7M>iAw^4r§ 0 *w$> 

X, COv^ H§AWESoVTaS®p?l 1 (7rt/-* 
-;MR«2 3) ©1MX£AM;raJ-/h£<*S OfeNB 
AMfcfS) o 

[0 0 7 1] CftEJ;t>T\ 06 (b) EaVfidK, 
05 (a) T3*Lfc«fc5&fflKWfcBjfr<*-yfci!i 
t\ 3fS©U^>/^-> (S#l®2 lEjg-fST. 
;l/-*-;I^JS2 3£tTSb7'Xb^*->) £f#S 
CfctfTta. ±S5'7MlAWtt, 7*hV7x 

[0 0 7 2] fcfcAtf, 07©?7 7E*1-J:5E, ± 
Ef7 hM A VitlbW A MfcOWfcfcO^T&S 
ft/hifgAMtf OT^SSt^-^ (0 5 (a) #M) 
■eWWfttf. *>l/-*-/l/WK2 3©-77 MIAWB 
S*t£S (05 (b) » 0 ^ilT\ «/MlAM* 
*t<LT^<^ S/7h*HAWtfOE&3j£Mo El 
tSo *ti*il, ttd* A M = Mo i:LfeB3t^*-> 

(06 (a) fcffl^Wf, aiE*XA>-*-;l>6 
ltfJ&fiSc^ftSiltE&S (06 (b) #$) 0 fc£ 40 
U ilO«/hffiAM = Mo imfttm<Dltm^, 7th 

vx^ 1 Kfe^a^aaw 1 2 • aaffi 1 1 oaa*& 

[0 0 7 3] #E> ±2Lrc*58W©7* hVX? 1 O 
§TOl£EOt>Tl»So ±127* hv** l (DSI1 
KSfcoTtt, 2lffiig|«tl@^ 1 

ftlSi:, 2«Jff)gJII&£lg^ U-7XMt£lg 
i:, lM££lgh©5Ig«&£ns 0 

[0 0 7 4] $T\ 2WSS2±E*iSHB«i3*}giS 
U «6ECO¥aifiIi3©±fc:a)|fli4*JBlSt*. 50 
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oft), j8WSfi2±E, $a01M3$J:tftftM4* 
5fc3 2l«ii§l*E/K**ci:lcj:oT, 08 (a) 
E*-f<fc5fc3H3fjtl a£t#S (2M1ffiBWf8X 

m . 

[0075] ±ia*aw«3 1 iTmrnmrnm 
tf, 5/y*>fK©afl», am fcs^ttRSfktttf 

#SL<, t'J7r>i/U+>-i'K (MoS i) OMit® 
(Mo S i 0« ) , Sffctt (MoSiN, ) , &StWi 

iSSfbtt (MoSiO. Nt ) A'«fc 0»S t < x MoS 
i 0. Nt tf#Ejff£U> 0 ±E^k^S*©K 

Xft^tX^tfflKfts&SrYtt, X>0, Y>0 

T'i&So 

[0 0 7 6] ±I2Mo S i 0» Nr W^I113 
(MoS i Ox Nr 1) ^D^^TajS t UTti, fcfc*. 
tf, 7)1/ dV (Ar),|* (Oi ) , (N 

[0 0 7 7] MoS i Ox Nr H£¥aflJlll3Effl^S 

Bfc$ (o) fcswigfi (n) o*ff**afl:«« 

StfcfcJ:!), 3ilBSS2K»1-5j8a* J ffflfflll%iH 
gp-fSCfctfT'tSo *<3D/c46, ±3BM&3$<OW& 

Tifj-rso 

[0 0 7 8] fcfe. Mo S i Ox Nv HT'li, 
fc, OfeSlHiN#WfiWP^-&Stlfi^ffiffll 
^ttEfSTtSfilRlEfeSo ffifflM, Iji^tt 
MoS i Ox Nr JgWHJPCfcDInl^ESSft-rSfcii), 
±abfc*5k:. Mo s i OxNr K<!)lWVOKB£t>ac 

[0 0 7 9] *^SScomiEfc^TW^)i3 4: LTffl 

^ ens Mo s i Ox Nr m<o&&mt. awns 20 

aa^EWUTl 0~3 0%OKHrt^j8 ! SL<, l 5 

%mmicm ffitsMti^ aws«2E 

»LT50~70° ©IW»$L<, 60° ffiftff 
#Cjff*bK S£EMoS i 0» Nr 5 
0 0~7 0 0 A<DiBHrtT'$><9, 6 0 0 AHUfit:-$.Si: 

fcffu ±iBaa$^(fi[ffiM, mmt, 

±.®Lfr& i E> R^HO^iB^l/^ h 5 
if E i o Tlt^ « n 3 fe © T** S o 
[0 0 8 0] Sfc, 1^14 k LTa*KT+»*383t 

£M£*aL> (C r : 1 0 0 n mOKJPTtt^afitffl 
3. 0) A^E$fSLV>„ u©^H4(DJg^StL 

So 

[0 0 8 1] &E, 0 8 (a) E^t^dE, H<D3M 
fi?jgla©±E, ^5)E, U^h8 (/ct^tfEBU 
-77 h : ffi a a p« Z E P 8 1 0 S N B*-(f^>ia) *rf\1l 
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[0 0 8 2] ±fEU->** H8flDJiJP4:UTI*»tPBe« 

natom&^tf, 4 soo-ssooAggT-si. 

CtiWSU\ C<Db-77h8,CflLT> a?e-A 

«)t (Bi^en) aasm i fcdWaaas i 

1 1 lC«ar*IIWK*fLTttSMI»CUy7 h 8tf 

h s ®jMW7G®» i / 2 1 * § «fc o mmmm i 

[0 0 8 3] ±fM?e-AI!7fcT-«, IJiSP 1 1 fcct 

Stktf4<» Brao«3tt*fT5J: 20 
[0 0 8 4] CO*?tf-A»fc£<}:oT* 08 (b) 
EStiSfc, 3Hi8la±fc, F 8tf*<D3: 
$S#*SH#S«3 1 > 7C<Dl/^h8«fct)t»^l 
1? (iOf p> 7C0ttl/2) fcftot^*SWBffi«3 

2 c^sivi 2(cffl3) > ui?z\-8m£-znm 

[0 0 8 5] 08 (c) ItTjitkoK, l7f 

^K«fct)»iia«3 3©»Hi4*«ktf*aifl|l3% 

i£tt, mwm2m\a,z#Tmm\ \mm 30 
s (2«ifjg«£ie) „ 

[0 0 8 6] ftftWKtt. £1\ 08 (b) \Z7T,tVJ 

I)fcll4<DF7^x<y^7?£f|j{St5o lft!4tf^ 

H. CI: £0* ^g^X^fflTSF^-fx-^ 

T1T365^2WR3- (Mo S i Ox Nv H) iCftt* 

fktt£<a£L4K 40 
[0 0 8 7] ^LT, l7fell4£D^£*mr», ¥ 
IWlSOKv-Yx-y^yy^UffitSo il(DX-yf> 
7£RLT0\ »#8(«3 1 tcfctti, 1^77 h 8 tTl 

exam a ttf^zttzso ¥8fEH3tfMo s i o 

tttf+#i:*!>, »l3C*MW«ifK 50 
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[0 0 8 8] £SfC, 08 (d) fcjjrfj:?^ 7y-> 
>^CJ:oT»JBi!B«3 20Ui;^h8*l»*-r5 (1/ 

[0 0 8 9] S&Ks 138 (e) K^T«fc5fc:> <f®u3 

mmm 3 £ntB2-eT¥i&igi$ 1 2 mm %> mm 

T, *58WICA»A 4 57* F^X7 1 fcgiitSo 
[0 0 9 0] llT\ SagPl lOIMXtt, ±»Lfc 

j^k, B3ti^Ki3^-5a)tJtO'>7 htftj&snrc? 

-YXfc&oTt^o Sfc, ^2Wii3K:^SSWSfi 
[00 9 1 ] ±atfc*«IBtA^S7* 1^77 1 <D 

[0 0 9 2] [gffiffl] *lWJm SHStti 2 L 

y^KO»Sfk« (MoS i Ox Nr ) *»645*a 
WK3«BJSU 3&rC*<D±(^nA (Cr) 

8fiJ»frS7* hvx* lfcWfiUfc (08 (a) ~ 
(e) fc£tf±$bfc7;J- hV7* 1 ©«jft*j**# 
88) o 

[0 0 9 3] %t>ft%7* hvx7 1 T^SaSPl 2fc 
45MoS i Ox N» W (W13) KfcltSaa^ 

**»Hlt*ci:fcJ:D, MoSiO. Ny K©o$fc 

«NO##l*gft«^T. MoS i Ox Nr l(D2a 

[0 09 4] ^BISffllTti, ±E*jgag|5 1 2 tCfcttS 
^2H^M3 (MoS i Ox Nr H) ©^IP^: 6 0 0 At 
LtcMSs *Iil3OiMt0$ftliN(Dt«^ 

Sftt-ttscfctcAoT, aa^> 2WS«2 (t4 
^^jiagpi i) ©aa^co^i 5%tc^-r^i:tfc. 

[0095] coaa**fcttffitisi:*aw«3 (m 

o S i Ox Nr H) CDMiP £<Dm&t%m<D977lC 
^To ISftttiaa^ (%) SfctifeffiM (deg.=° ) T* 
$5, (A) T'&So C0^7 
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ir-Efcttsaa* • ttfiaoft#ttcot^LTv^ 
So mwm3<Dmmi}Qtztcft^mm mm) 
itttmixmhr^Zo mm mm a, * 
ansM 3 ©hjpavjms im&bi* i/s 2 «< ft s i 

EllJPtf < fttttfft-SJi if 0 tc^< . TftfclS, 
2«*tt, ¥i8illlI3©KJ5EEJtfl*S«l:5E$fk* 

♦?>o 

[0 0 9 6] LWyVT'te, Wn?mt&M£<D%it 

SLi^Sa$:fe«fctm*IM©IB&**TcfcEft3o * 
a^HOJtaS^LTK r Fi*->vU-f- 

¥Mi3 (Mo s i Ox Ni i) 

10-30 %<Dffl&lM<m L < , ft 1 5 %AM#E$r£ 
U\ FittE, fuffi£&5 0-7 0° OdSHrtJb^St 
<, 1^6 0° fcftSCfcjWSCffSU*. 

[0 0 9 7] ft*, COfc#0*aWil30|||Jitt, 0 
9A^t>*>A^19, 5 0 0~7 0 0A©eHl*iT&« 
Cfctf#$l,<, 600AMftT*5«li:A<!ffSL^. 20 

[0 0 9 8] ±B©*ft*»fc-r#aW«3**T*7 
* K*** 1 14, Mllim6EffTa©&£)&R6 2% 
1^E}fcEL85tt¥«tt££ftSfc©fcftoTV.5. 

[0099] llt% ±£¥j®BS 1 2 CBSa* 1 IE 
ftTSjgilW^Jl 5%T-fc5«£E, 
€/ct#©, 7* h^** l *5Mtfc«3tt«Of x/n 
±"e«Wt»fi^*H 1 0 (a) - (f) E*to C<D 

Ei o (a) - (f) m ±tm?tft(D®mmnm 

2 2fcJ:tf*;l'-*-/l/t«$2 3AS05 (a) K^t<fe 30 

aft^tt-p«swKE»«nTt^. ft*, mwvm 

±, 01 0 (a) - (f) T*f4, 05 (a) tCfitZS 
ft$tt©£¥$Hc*§S**1Stt©*B*LT*3. 
[0 10 0] Sfe, 0* A"PSf/>-7lB«2 2<D5'C 
yff^O. 2 5/im, 7>)]r-fr-MB&2 3W'(X1fi 
0. 2 5/imx0. 2 5/im, S^OiSft^ 2 4 8 n 

m, nftm<Dm^(omasi (na) #o. 5 stft 
[0 1 0 1] 01 0 (a) - (f ) «, ^n^nffiffli 

5 0°, 6 0°, 7 0°, 8 0°, 10 0°, fc<£l>*l 40 
30° ©J§££*LT^5. 010 (a) E*T<J:5 
E, fitfflM^5 0' T-f4, */l/-*-;l/1iW2 3ffitt© 

A-7W2 2 T-SftTfrD&fitfgTSK ftoTV^SP 

3feas*'3fi<ftoT, jjbs. ©iaftflwft^usfe 

i6, lxi/'xb 5tfBr3©J£RE-><*-^vySftE< < 

ftSo 

.[0102] 010 (c) - (f ) tc^-r* -5 

E, fiiJBMA<7 0 o £jI;L£t, *;l/-*-*WK2 3 
ifi«OA-7fil« 2 2 EBJtofcCSKftfttHtf** < 50 
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SflftSi ffH&ft*. ftK, 01 0 (e) • (f) E* 
■fJ:?E, (£[fflMA<*t<ft5E#l\ c©S* ©IBS 

*^<ft5±t, ^;b-*-7Ms«2 3 tmmm 

[0 10 3] <_©£-5EffifflMAs*tiIf'3i:, ±12 S 
j ^S 3 ©<fc5ft»ffitf£i;3. ±£Si 04 
(b) - (d) £*^TKfHUfcU^h»0 5 4**4 
D3Z#t!-*P, CfflSU S, ti, 0 4 (b) - 

(d) icts^xmmbrz^xbm 5 s^wjSp 

[0 10 4] CtUCftLT, 010 (b) E*t<£5 
E, ftfl!§A<6 0° T*&*i§£E{4, S3t3ttC±ESi 

-S3 A^uft^o tfttos, B*ate©}tasE*a« 
ftgpfiA^u-r, »&frK^as*mt5o ^ni* 

U^*h5*83tLfci8£EU$>Xhgl»)5 3 J f>U 

[0 10 5] W±©*£HA^, ¥251^1 2Efc^T, 
¥SHj3§|3tLTMo S i Ox Nf«*fflly\ mm 
6 0 OA, SiigPl 1 E3W*aa**» 1 5%tLtc 
l^Ett, iS» lEftT3{*MM£ft6 0° 

[0 10 6] LfctfoT, ±|Bffifil§£BjEEiK£Lfc 
*%BJ5(D7* h V** l T-{i, Mftgft/^->T*$> 
oTt, fcfcAfcfHl (c) ■ (d) (c^t^dft, * 
gft|H]fl©ft^eift!^77.hgi§5 2«W*US>X 
h5*#5Ci:A^t5o *©!££, 03 (c) - 

(e) E^-r^is^iiDji-rciiiEcto, ■ntcstrai 
6 E##E»ffiftasjg« 6 2 «B#r * c t tfsrtic 

ft^o 

[0 10 7] ±fB7* hVX7 1 *fflV^c«)t • SfcE 

*D»a«n^ H2E^-r<t?ftiia!ttai6±E, 

CVD (Chemical Vapor Deposition ) T*^ (Cu) S 
ftif£ffMb/cit, $5>ECMP (Chmical Mechanical 
Pol ishing) * 1 gl&K? 5 C t T% TiElll 7 © 
S^»fe«klf±loai6ii*E»0»«*ra«pEfT9 C 
^A^tftSo 

[0 10 8] ftfc, *»flBTI4* 7*hv^^*fflVT 

©aa$tt» 7co»ii©(3(ji/2i:ft5J;9ft7t^a 

fcfttjT^S^, *KWE*»A»«7* bVX^fcd;t;S 
Tt^&i, CtDJ:5ftS3tEffi£5nSfeO"ettftt\ 

[0 10 9] 

caw©**] *aw©»*« i is«©7* hv^^ 
■i4, w±©<k5E, m^<*->*»*-r«ft»Effl^ 
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yt^ku^t. ±fE^M«> mmmzmt 

[0 110] ZMz., ±SBK/3LTtt, WlSTOtf 

[oiiii *mmmm2mw.<D7* hv77tt. io 
w±©j:aK, ts#« i im<D®mctiaz.T. isssm 

[0112] ^nt**. ±E«jfit?(i, ^RRc^ate 

[0 113] #fiMi;K«3lE«07*hV77tt. 
±gE¥)SiIStftt. ->U^KOl6lfl:1*^5ft5^aifi 20 

[oi 14] -en**., ±E«bSTtt, *2WK©2a 

Mgptc fetj-aaa^ffifflg^gst sua* a c 
■tftsfci^ absents. 

[0 115] #^©H*S4fE]iS<D7;i- hv7 7tt. 

®$(DMmm\ mm^commm^Lx i o~3 o% 
o«Hrtk:**«*, m^mm^ommt, mm® 

»fc»LT5 0~7 0' OlBHrtK****^**. 30 
[0 116] ^n^x. ±IS}fJ52T-tt. BflOU^h 

[0 117] 2M8H®H#g(5EttQ7* ^77©$ 

is . lEtmtc s e e 1^77 h zmmmti i 

K«k 0 U77 hjb^£SnrcfiS«fr5^2«fflll3«ttfSi 40 

* t> Uz/Z b±{CflM£ft/c. 7C© U77 hit) fcif l> 

-77, H$3clg£. h*«K£«nfc±IH»H1S« 
A^ilfiM3i*l»£t53il)fcllll»£lSi:*^tr»ffi-e* 

[oi is] *tu**, lESffi-ptt, §atc±aufc 
7* hv^^^Bg-rsii^^-pf *fcv^«**iit 
§o £fc 7*b ,; ?x*±£miio«^*-y*a* 
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[0 119] 6 E«OB3Wi*tt, W± 

<DJ:9tc, a*«lft^L4 0<Brti*»lStlBK07* 
^77£fflt^T. JSttKJgjffSftfcUStthfcBitt 

[0 12 0] *n«>*, ±IE7fi£T(4, BifclSoffi* 
CHffiOlBtfifcBSil!] 

[01] (a ) tt, *58W«MWlO-»aiK<P*»*7* 
hvx^ottiS^-rBfiBigTifet), (b) tt, (a) 
£j"";T7* hva**ftLfcB^03^S0#tf** 
t?77Tfc!K (c) tt, (a) fC3VT7*hv** 

0T& 9 , (d) tt, (cHc^T U7'7KD¥ffi0T< 

[02] (a) It, 01 (a) fcw*7* hvx^KJ: 

d «««ns/iia«5»isoflBi%^-rBfiBBiT*a6 t> , 

(b) tt, (a) K^-TJiffl«SgRO¥ffiH7*5. 
[03] (a) ~ (e) tt. 01 (a) lc*t7* hv 

[04] (a) tt, 01 (a) K^T7* hvx^tti 
S&5ffiffiH%WrS7* hvx7cD#§f££*t»rffi0 
T*t), (b) tt. (a) fc^l^bvx^fcfl-Lfc 
B3t3t<03t«fiO»**^t^7 7-e*»), (c) tt. 

(a) E*t7* hvX^T-BTtL/c^tffM^na 
U^7hO«B*a?r>niiHT»»), (d) tt, (c) 
Kyjrf U77 h<D J Fffi0T'$§ o 

[05] (a) tt, 01 (a) hV77tfc 
l/>T, B3t«fCfe»5^^-*-;US«<Oi/7 
Lfc^^OBft'^-^fcaVrSSB-efctK (b) 
tt. (a) t^fB^^-7EJ:»3#&n-5^K©b 
-77. h^^-7^f«S0T*3&S. 

[06] (a) tt. 01 (a) EjjVf7*h-?7.*Kfc 
<^T. B3t«fK*tJ5^^-*-;bS«Oi/7 
Ufcl£©B3fc><*->fc3VrStiKH-e*!K (b) 

tt. (a) t^-rB^^-vKiOflensiiisou 

[07] 05 (a) • (b) fcJ:tfH.6 (a). • (b) 
7* hvx*£feit3Bft>**->0*i'.WIAM 
t b77 b 70-77 h II A W t <QM%*7jkt 7*7 

[08] (a) ~ (e) tt. 01 (a) tc*?7*hv 

[09] 01 (a) -K.m*7* h^Atlc&tfZm® 
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[010] (a) ~ (f) (4, 01 (a) fcjST7*h *2 

[011] (a) ~ (d) tt, {£*©7*K***fc* 6 

9m$mmic*ji-*-)its£V®mmmt% 1 1 

nai<!)HW**tBiWBiT»*. 1 2 

[012] (a) - (e) H\ S£*©7*hVX^fCj; 13 

91l«6«iK7;b-*-;Ul8J:tfatt«tt«»*r* 2 l 

ia©flSO«*w1HliBBT**. io 2 2 

ClWOWIi] 2 3 

1 7*hvX^ * 32 
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